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HINGE-hlOMENT CHARACTERISTICS FOR A SERIES OF CONTROLS

AND BALANCING DEVICES ON A 60° DELTA WING AT

MACH NUMEERS OF 1.61 AND 2.01

By Douglas R. Lord and K. R. Czarnecki

SUMMARY

An investigation has been made to determine
characteristics at Mach numbers of 1.61 and 2.01

trols, including the effects of vexious tabs and

the control hinge -mcment
for a series of 18 con-
fencesz on a 600 delta

wing . Tests were made at a Reynolds number of 4.2 x 106 (based on the
mean aerodynamic chord of the wing) and covered ranges of qles of attack
from 0° to 12°, control deflection from -~” to fioj and tab deflection
from 0° to -20°.

b F-.-+ . ●,Lu”

The hinge-moment-Glope psrsmet~s for the basic tip controls corre-
lated satisfactorily wi~b the ratio of balance-control area to total-

4
control area at a Mach number of 2.01. The experimental hinge-mcment-
slope parameters for the trailing-edge controls were 70 percent as large
as those of the theoretical predictions. Increasing the trailing-edge
thickness on a trailing-edge control increased the hinge-mmnent-curve
iilopes. A psxting-1-ine fence forwsrd of the hinge line on a closely
balanced tip control resulted in improved hinge-mcment characteristics.
A detached tab waa more effective than an inset or attached tab on a tip
control in balancing the hinge moments due to control deflection. An
attached tab on a full-spsm trailing-edge control had more balancing
effect when located outboard than when located inboard. Paddle balances
on a full-spsm trailing-edge control decreased the slope of the hinge-
moment-coefficient vsriation with control deflection.

INTRODUCTION

As part of a general progrsm of research on controls, an investiga-
* tion is underway in the Langley 4- by l-foot supersonic pressure tunnel

to determine the importit parameters in the design of controls for use

.- on a 600 delta wing at supersonic speeds. The results have been obtained
. . .
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from two series of tests by means of pressure di.8tributions and direct
measurements of the hinge moments. The first series_was conducted at a
Mach number of 1.61 and included primarily” tip controls, some fence
configurations, and a trailing-edge control with and-without a spoiler
mnmted on the wing just ahead of the control. Many_of the control
hinge-mcment and effectiveness results and 6ome illuB%rative pressure
distributions from this series have been ppsented iQ references 1 to 5.
lhe second series included tests of several trailing-edge controls, two
additional tip controls , and several tab and fence configurations, each
at a Mach nmber of 1.61, and four of the tip controls at a Mach number
of 2.01.

The purpose of this report is to present the hinge-moment data and
analysis which have not previously been reported for~khe 18 cogfiguratione
and to compaxe the results obtained with those alrea@ presented. The
tests were made for a wing angle-of-attack range fro~OO to 12°, for a
control deflection range frcm -30

———
0 to 9°> and , wher~”applicable, for a

tab deflection range from Oo to -20°. Ail.configurations were tested at
a Reynolds number of 4.2 x 106 based on the wing mear-.aerodymmic chord of
L2.1O inches.
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a wing angle of attack

3

5 control deflection relative to wing (positive when control
trailing edge is deflected down)

5t tab deflection relative to control (positive when tab trsiling
edge is deflected down)

A prefix indicating increment due to tab or fence

Subscripts:

a slope of coefficient variation with a

b slope of coefficient variation with 5

b~ slope of coefficient vsxiation with 8L

(All slopes were taken at a,= 0°, b = 0°, bt = OO. )

APPARATUS

Wind.Ttmnel

This investigation was conducted in the Langley 4- by 4-foot super-
sonic pressure tunnel which is a rectangular, closed-throat, single-
ret”un wind tunnel.with provisions for the control of pressure, tempera-
ture, and humidity of the enclosed air. Flexible-nozzle walls were
adjusted to give the desired test-section llach numbers of 1.61 and 2.01.
Ming the t~sts, the dewpoint was kept below -20° F; so that the
of water condensation in the supersonic nozzle were negligible.

Model and Model Mounting

The model used in this investigation consisted of a semispan
wing with interchangeable controls and various associated control

effects

delta
adapters

(or replacement sections) that were requiredto fit the control to the
basic wing component. The control configurations are presented in fig-
ure 1 and =e grouped according to whether they are tip controls
(fig. l(a) ), tip controls with tabs or fences (fig. l(b)), or traUi.ng-
edge controls (fig.

The basic wing
18.14 inches, and a

l(c)).

had a 60° sweptback leading edge, a
semispsm of 10.M inches. The wing

-.. .
.

root chord of
had a rounded



.

4 Mlii%iiwk! NACA EM L57EOl

NACA 63-series eection extending 30 perceut of the r60t chord back from
.
—

the leading edge, a constant-thickness center section with a thickness-
chord ratio .of 5 percent based on the root chord, and a sharp trailing L

edge. (See fig, l(a) .) Near the wing tip, the nose _section joined
directly to the tapered trailing edge wittiu’c a flat midsection. Con-
figurations J-1 and J-2 had thickened trailing edges as shown in the
sketches of figure l(c).

The basic wing and controls were constructed of steel. (For details
of construction, see ref. 1.) The paddle balances 01 configuration J-3,
the tab of configuration E-1 , and the inset and detached t~bs on configu-
ration E were also constructed of steel. The tabs Oricotiiguration J and
the fences were constructed of l/16-inch stock brass.

The semispan wing was mounted horizontally on a turntable in a
steel boundary-layer bypass plate which was located Vertically in the
test section approximately 10 inches from the sidewd—l, as shown in fig-
ures 2 and 3.

TESTS
——

The angle of attack of the model was changed by rotating the turn-
table in the bypass plate on which the wing was mounted (see fig. 2) and
was measured by a vernier on the outside of the tunnel, inasmuch as the

9

amgular deflection of the wing under load was negligible. Controls were
deflected by a gear mechanism, mounted on the pressuxe box, which rotated b
as a unit the strain-gage balance, the torque tube, and the control. The
control deflections were set approximately with the aid of an electrical
control-position indicator mounted OD the torque tube near the wing-root
and were measured under load durhg testin@ with a cathetmneter mounted
outside the tunnel.

Hinge manents of the controls were determined by means of an elec-
trical strain-gage besm located in the pressure box (fig. 2), which
measured the torque on the tube actuating the control surface. Inter-

—

changeable strain-gage besms with various load ranges were used to obtain
greater accuracy for the closely balanced controls.

Tests were made over an angle-of-attack range fro-m0° to 12° at
increments of either 3° or 6°. The control-deflection range was from
-n” to 30° at increments of so, and the tabs were tested at deflections
of 00, -10°, and -20°. The tests were made at tunnel_stagnation -pressures
of 15 and 17.5 pounds per square inch absolute and at Mach numbers of 1.61.

and 2.01, respectively. The stagnation pressures and-the Mach nmnbers
correspond to a Reynolds number of 4.2 x 106 based on the wing mean aero-

●

dynamic chord of I2.1O inches. Although no attempt wa6 made to fix tran-
sition on the model, the surface roughness was probably great enough to

-.
s

cause a tuzbulent boundar
%!

.
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PRECISION OF DATA

The mean Mach nmnbers in the region occupied by the model were esti-
mated from calibration to be 1.61 and 2.01 with local variations smaller
than W.02. There was no evidence of significant flow singularity. The
estimated accuracy of other pertinent quantities is as follows:

CL,deg. . . . . . . . . . . . . . . . . . . . . . . . . . . . . to.05

8,deg. . . . . . . . . . . . . . . . . . . . . . . . . . . . . io.1

bt,deg . . . . . . . . . . . . . . . . . . . . . . . . . . . . *0.1

Ch (measured directly) . . . . . . . . . . . . . . . . . . . ..tO.005

Ch,l (measured directly). . . . . . . . . . . . . . . . . . ..tO.005

RESULTS AND DISCUSSION

Basic Variations of Hinge-Moment Coefficients

The basic hinge-moment-coefficient variations with control deflec-
tion are presented in figures 4 through 14 in the order that the con-
figurations are shawn in figure 1. In addition to the basic curves
obtained from the strain-gage measurements, the curves determined by
integration of the pressure distributions over the controls are shown
for comparison. The description of the pressure-orifice installation
and the tabulated pressure data can be obtained from reference 5. ‘No
integrated results a-e presented herein for the tab configurations or
the paddle-balance configuration, because there were no orifices on the
tabs or paddles ad no integrated results sre presented for configura-
tion K, which bad no orifices on the tip control.

In general., the hinge-moment curves obtained by integrating the
surface pressures show the ssme trends as those obtained by the direct
measurements. Sizable differences occur for many of the configurations,
however, because of the lack of sufficient orifices to define more pre-
cisely the chordwise and spsm.se distributions of loading. W wa6 pre-
ciously shown in reference 1, the more closely balanced tip controls
exhibited regions of overbalmce (for example, figs. 4(c) smd 5(b)). At
the largest sngle of attack, msny of the control-s also produced very non-
linesr variations of hinge-moment coefficient with control deflection.
(For example, see figs. 4(c), 5(a), md 5(b).) The trailing-edge controls
indicated a greater effect of viscosity as evidenced by the sharp decrease
in slope of the hinge-manent curves at the largest control deflections.
(For example, see figs. 10, 13(a), md 13(b). )
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Tip Controls

Effect of Mach number.- A comparison of
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the variat~ons of hinge- ~-

moment coefficient with control deflection at M = 1.61. and M = 2.01
is shown in figure 1> for configurations A, E, F, and G. The data at
M = 1.61 were taken from reference 1. In geiieral, the”shapes of the
curves are very simil.sxat the two Mach nuoibers, and the-primary effect
of increasing Mach number is to cause considerable decrease in the
slopes of the curves for configurations A and E, and some small decrease
in the slope for configuration F. The change in slope near a = 0° and
8=0° was negligible for configuration G.

The theoretical and experimental variations of
()Ch,l ~ and

()Ch,1’~

with Mach number for configurations A, E, F, ‘emd G are shown in figure 16.
The theoretical values of

(Ch,l)b
for all the configurations and of

()Ch,l ~ for configuration A were obtained frcm the linear-theory equa-

tions given in references 6 and 7. The theoretical values of
()Ch,l ~

for configurations E, F, smd G were obtained by integrating the theoreti-
cal pressure distributions which, in turn, were ccmputed frcm the equa-
tions given in reference 8. The variations of the experimental hinge-
mcment-slope parameters with Mach nmnber are generally in agreemnt with
theory although considerably more positive. Configurations F and G, the
most nearly balanced of the aforementioned four controls, exhibit little
change in hinge-moment-curve slope with Mach nmber in this range.

In reference 1, correlations of the hinge-moment-slope parameters
with the ratio of control balance area to control total area were
obtained for a series of tip controls on the present wing at M = 1.61.
Figure 17 presents shilar correlations obtained duxing the present
tests at M = 2.01 for four of the tip controls. These correlations

again show that a balanced tip control with desired low=m.gle hhge-
moment slopes may be obtained by proper selection of the ratio of
control balance area to total area.

Effect of offsetting tip control.- Configuration H is the control of—
configuration F with its torqm tube ins=~d.in the ~We-l~ne hole of_
configuration E. The effects of offsetting the tip control with respect__

to the main wing on the hinge-mcment characteristics are shown in fig-
ure 18 where the hinge-moment-coefficient variations for configuration H
are compared with those for configuration F. .Offsetti@ the’control had
little effect on the variation of hinge-moment coefficient with control
deflection but caused some increase in slope of the hinge-mcment-
coefficient curves with angle of attack.

,

—

—

“
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Effect of control plsm form. - In reference 1, it was shown that

4
configurations D sad F, each with ratios of control balsmce area to
total area of 0.36, had approximately the same hinge-mcment character-
istics . Both configurations had tip control-s; however, configuration D
had a more forwsrd hinge-line location, smd scme of the trailimg-edge
portion of the control had been removed. Since plsm form seemed to have
a negligible effect on the hinge-moment characteristics, configuration K,
with a rectsngulsz overhang but again with a ratio of control balsmce
area to total area of 0.36, was added to the pre6ent tests.

In figure 19, the v=iations of him.ge-manent coefficient with con-
trol deflection and singleof attack me presented for configurations D,
F, andK. ltcom these curves, it is evident that the plan fozm of con-
figuration K does not alleviate ~ of the binge-mcment problems pre-
sented by the other closely balmced controls. Both the nonlinesxities
and regions of overbalance are present in the variations with control
deflection for configuration K. At sngles of attack, the balsm.cing
effectiveness in the negative control-deflection rsmge is greater for
configuration K thsa for configurations D and F. In the variations of
hinge-moment coefficient with angle of attack, configuration K produced
increased slopes at the negative control deflections because of the
strong balancing in this rsmge.

Effect of inset and detached tabs.- ‘I!bevariations of hinge-moment
.

coefficient with control deflection for configuration E with the inset
or detached tabs, shown in figures 6 and 7, respectively, indicate that

4 tab deflection caused a general shift in the curves smd did not alter
the slopes of the variations with control deflection or sngle of attack.
The incremental hinge~oment-cuxve slopes due to the addition of tabs
to the basic configuration E sre plotted in figure 20(a), together with
the values obtained from the attached-tab tests of reference 2, as a
function of the tab-area moment about the control binge line. The
vsriation of hinge-moment-coefficient slope due to tab deflection with
tab-erea moment shows an increasing trend greater thsn that of the
linear variation found for attached tabs on a sweptforward trailing
edge as in reference 9. ~s effect is contrary to the effect which
would be smticipated theoretically since the inset &b should produce
some additional hinge moment from the load induced on the adJacent con-
trol surface.

The curves of incremental hinge-mmnent-coefficient slope with con-
trol deflection sad sngle of attack due to the addition of tabs
(fig. 2Q(a)) show that, as smticipated, the inset tab causes no incre-
ments. The detached tab caused considerably more change in

()
Ch,1 a

● than did the attached tab but caused only slightly more change in

()Ch,l ~“

.



8

., ../.

&i’i’ ..’
NACA RM L57B01

In order to evaluate the various tabs as devices for bal~ciw the.
control hinge moments, the ratio of tab defle~tion to control deflection
required for

()
Ch,~ ~ = O is plotted in figure 20(b) as a function of

angle of attack for the inset and detached tabs of the present tests
and for the two sizes of attached tabs of reference 2. From these curves
it is evident that the detached tab was the most effective device in
balancing the hinge moments due to control deflection. me detached tab _
would probably cause the least reduction in control effectiveness but
the largest penalty in drag of the three types of tabs _Qstid.

Effect of fixed tab on a boom.- In reference 1, the detrimental

effects of closely balancing the hinge moments due to control deflection
were the increased nonlinearities in the curves and regions of overbal-
ancee. Configuration E-1 was designed by adding a fixed tab on a boom
to the control of configuration E. The tab size and location were
selected so that configuration E-1 had the same net control-area moment
about the hinge line as configuration F had. The hinge-manent-coefficient
variations with control deflection and angle of attack ~or configurations
E-1 and F are presented in figure 21. At the positive_control deflec-
tions , the two configurations are very nearl~alike; however, at the lo;
and negative control deflections with the wig at angles of attack) the —
tab configuration exhibits more negative hinge-moment c~efficients
apparently because of a strong downward force imposed on the tab by the—
very complicated flow field through which it operates. _

Effect of fences.- A comparison of the effect of the three fences on

the hinge-moment-coefficient variations with control deflection and angle
of attack for configuration F are shown in figure 22. _Configuration F-3
is apparently the most beneficial fence configuration because it reduces
the hinge-mcment coefficient due to control deflection%t low angles of
attack and decreases the nonlinearities at the higher angles of attack.
In order to compare the effect of fences on the hinge-mcment character-
istics of configuration F with the effects previowly ~resented in ref-
erence 2 of similar fences on a more unbalanced controL_ configuration E,
curves of the incremental biugeaoment coefficient due to the fences with
control deflection are plotted in figure 23._ In figure_23(a), the fu.llz.
chord fences are compsred and in figure 23(b), the partial-chord fences_
ere compared. The incremental hinge-moment-coefficient_variations are
very much alike for similar fences on the two configurations. Analysis
of the pressure distributions (tabulated in ref. 5) indicates that the
differences shown in figure 23 for similar f?nces Cm be explained on t~e ..
basis of the hinge-line movement and the elimination by the fences of the
induced crossflows present at the parting line in the b~sic configurations. —.

.—
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Effect of span and location .- Comparison of the hinge-moment-

coefficient vsziations with control deflection and singleof attack for
configuration I of the present tests with those for configuration A of
reference 1 and configuration J of reference 3 is made in figure 24.
Configurations I and J exhibit msrked decreases in hinge-mcment-curve
slope with control deflection at the highest control deflections, wherea
the curves for configuration A are generally li~ear throughout the test
range. This decrease in slope probably can be attributed to a greater
viscous effect over the inboard stations of the wing because of the
change in airfoil section. Over the span of the inboard control, the

trailing-edge wedge is preceded by a flat section, whereas over the span
of the outboard control, the rounded leading-edge section is followed
immediately by the trailing-edge wedge.

In general, the curves show considerable effects of both span and
spanwise location of the trailing-edge controls on the slopes of the
curves with both control deflection and angle of attack. These results

axe contrary to the results shown in reference 10 for trailing-edge
controls on a trapezoidal wing wherein

()Ch b was relatively unaffected

by chsmges in span or spanwise location. The effects found herein sre,

however, in agreement with the trends predicted by the linear theory
N method of reference 6. Table I shows that the experimental parameters

are approxhnately 70 percent of the theoretical values as was the case
in reference 10, but the differences in the experimental slopes with

4 changes in control span or location sxe in the ssme direction as the
theoretical predictions. Cotiiguration J, with the largest smount of

(Ch)b) ad non-essentially two-dimensional flow) produced the greatest

figuration A, with the least amount of two-dimensional flow produced the
least ()

Ch ~. Cofiiguration A, operating in the region of high loading
.,

nesr the leading edge due to angle of attack, produced the greatest Ch ~()

and configuration 1, operating wholly inboard, produced the least ()
Ch ~.

Effect of spanwise location of tabs.- The hinge-moment-coefficient

variation with coatrol deflection for the inbosrd attached tab on con-
figuration J (fig. 11) shows little effect of tab deflection. The
slopes of the hinge-mcment curves with control deflection are the same
for the inbo~d tab (fig. 11) as for the outboard tab (fig. 12). Cross-

plots of the hinge-mcnnent coefficients with tab deflection, however, show
that the outboard tab is more effective in producing hinge mcment with
tab deflection. The ratio of tab deflection to control deflection required

. for Ch ~ = O is plotted against angle of attack in figure 25 and shows.
that the net result is a lower value of Et/b for the outboard tab. In

reference 9, it was predicted that sn oyt~oard tab would be more effective
..— - .?,* .&

,, .
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as a balancing device on a control with a unswept trailing edge, but
it is interesting to note that the reasom given therein do Dot coincide
with the experimental effects found in the present investigation. It
was anticipated that Ch,Et would be the s=e for the two tabs sad

Ch,b would be smaller for the outboard tab, whereas the present tests

showed equal values of Ch,b and greater values Of ~Ch,~t for the

outboard tab. The discrepancy is undoubtedly caused by the difference
in wing plan form and the large spanwise ~=iation i,nthe strength of
viscouE effects on the delta wing.

G

—

Effect of trailing-edge thiclmess.- Qe variations of hinge-moment

coefficient with control deflection snd angle of attack for the thickened
trailing-edge configurations J-1 and J-2 are compare@ with the variations
for the sharp trailing-edge configuration_J from re~erence 3 in figure 26.
AS the control trailing-edge thickness increases, the slope of the hinge-
moment-c-fficient curves with control deflection increases. At 8 = 0°,

-15°, and -30°, the slope of the hinge-m~ent-coefficient curves with
angle of attack also increased with incre%ing trailing-edge thickness.
The increases in hinge-moment-curve slopes with increasing trailing-edge
thickness are”approximately linear. These increases are in agreement
with the theoretical prediction of the effect of increasing control
trailing-edge thickness shown in reference 10 and w:th the experimental
pressure-distribution analysis of reference 11. It_should be mentioned
that increasing the control trailing-edge thickness.also increases the

●

control effectiveness. (See ref. 10. )

k
Effect of paddle balances.- The hinge-moment-coefficient variations

with control deflection and angle of attack for configuration J-3 with
the paddle balances and the variations for the basic configuration J from
reference 3 are presented in figure 27. The paddle balances were effec-
tive in reducing the hinge moments due to control deflection but had
little effect on the curve slopes of the hinge-mcment coefficient with
angle of attack. This effect is in agreement with the results previously
obtained on paddle balances in reference ~.

CONCLUSIONS

An investigation has been made at Mach nmnbers of 1.61 and 2.01 to
determine the hinge-moment characteristics for a series of 18 controls,
including the effects of variow tabs and fences, on a 600 delta wing.
Tests were made at angles of attack from 0° to 12°, for control deflec-
tions from -30° to ~“, smd for tab deflections from 0° to -20°. The
results indicate the following prtis,ry conclusions:

.

W&ii-j.,.,4:
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1. Correlations of the hinge-manent-slope parameters with the ratio
of the balsmce area to the total area of the control were obtained for a
series of tip controls at a Mach number of 2.01 similar to those corre-
lations previously obtained at a Mach nuuber of 1.61.

2. Variation of the hinge-mment-slope parameters for trailing-edge
controls with spm and spanwise location were similar to the theoretical
predictions; however, the absolute values of the experimental hinge-
mment-slope parameters were about 70 percent of the theoretical vslues.

3. Increasing the trai.ling-e~e thickness generally increased the
hinge-moment-slope parameters on the full-spin trailing-edge control.

4. A parting-line fence forward of the binge line on a closely
balanced tip control resulted in improved hinge-mmnent characteristics
similar to the improvements previously found in tests of more un’oal-
anced tip controls.

5. A detached tab on a tip control was mere effective unbalancing
the hinge moments due to control deflection than either sn inset or
attached tab.

6. An attached tab on a full-span trailing-edge control was more
effective in balancing the hinge moments due to control deflection when
located outboard than when located inbosrd.

7. Paddle balmces on a full-span trailing-edge control decreased
the slope of the hinge-moment-coefficient variation with control deflec-
tion but had little effect on the slope of the hinge-moment-coefficient
v~iation with angle of attack.

Langley Aeronautical Laboratory,
National Advisory Committee for Aeronautics,

Lsmgley Field, Vs., January 11, 1957.

r
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TABLE I.- HINGE-MOMENT-COEFFICIEN’ISLOPES

FOR THREE TRAILING-ED2E CONTROLS

Ch,b Ch,a
M Configuration

Experiment Theory Experiment Theory

P. -0.0168 -0.0235 -0.0240 -0.0341

1.61 I -.0182 -.0260 -.0127 -.0158

J -.0196 -.0275 -.0147 -.0233

2.01 A -.0130 -.0187 -.0180 -.0295
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